Introduction 34
Vibrio vulnificus is an estuarine bacterium of coastal waters worldwide (1). The species 35 is a potent pathogen which can cause severe wound infections with lethal outcome (2). 36
Moreover, Vibrio vulnificus is also responsible for death cases caused by consumption 37 of contaminated seafood (3). In the United States it is a leading cause of seafood-38 related deaths (4). Immunocompromised people and persons with underlying diseases 39 (e. g. liver disease) are especially at high risk. Unfortunately, there is yet insufficient 40 information available what discriminates virulent strains from environmental strains with 41 presumably lower pathogenicity. Even though virulence factors like e.g. capsular 42 polysaccharide (5) and RTX toxins (6) have been identified, the full spectrum of factors 43 responsible for the high virulence of this species has still to be elucidated. Molecular 44 genetic analyses are still hampered by the lack of fast and efficient transformation 45 protocols for V. vulnificus. A periplasmic nuclease (Vvn) was demonstrated to be 46 involved in preventing the uptake of foreign DNA by transformation (7). While attempts 47 3 to electroporate standard cloning vectors (e.g. pBR322) failed, some large broad host 48 range plasmids could be successfully introduced by electroporation, albeit at very low 49 efficiencies (up to 2.4 x 10 2 transformants/μg) (8). Furthermore, big quantities of DNA 50 (up to 100 μg/ml of buffer) had to be applied. It is yet not clear whether ColE1 replicons 51
are not able to replicate in V. vulnificus or whether the antibiotic resistance genes of the 52 vectors were not functional in this species. R factors were shown to be unstable in Vibrio 53 (9). Due to the inefficient electroporation of V. vulnificus, the current methods of choice 54 to introduce foreign DNA into the bacteria are conjugation and particularly chitin-based 55 natural transformation that has originally been established for V. cholerae (10) . 56
However, these techniques are laborious and time-consuming and also require rather 57 large amounts of DNA. Moreover, in studies with V. vulnificus only linearized plasmids 58 could to be introduced into the cells by chitin-transformation (11) . 59
The facts that electroporation of V. vulnificus is feasible and that to date there have no 60 studies been published describing the use of vectors derived from Vibrio plasmids 61 inspired us to optimize this technique. Here we report on a rapid and efficient 62 transformation system that was designed for V. vulnificus but can also be used for other 63
Vibrio species. The basis of this system is the new shuttle vector pVv3 constructed from 64 a small naturally occurring V. vulnificus plasmid that could be easily introduced into most 65
Vibrio strains by electroporation. 66
67

Materials and Methods 68
Bacteria, plasmids, and oligonucleotide primers. Bacterial strains, plasmids and 69 primers used in this study are listed in Table 1 (Fig. 1) . Following this, the preparation was introduced into E. coli strain 78
Genehogs (Life Technologies, Darmstadt, Germany) by electroporation. After incubation 79 overnight, a number of colonies appeared on LB agar containing 100 µg/ml kanamycin. 80
Six transformants were investigated with respect to their plasmid content. In all of them, 81 the resistance gene had been inserted into pVN-0126 (data not shown). One of the 82 recombinant plasmids (pVv1) was sequenced using primers supplied with the 83 transposon mutagenesis kit. Further sequencing was performed by primer walking. In 84 the final step of pVv3 construction the short MCS of pVv1 was replaced by the lacZα 85 gene, polylinker and T7 promoter of the vector pMCS5 (MoBiTec, Göttingen, Germany, 86 Fig. 1 ). By this modification, pVv3 obtained 60 single sites for restriction endonucleases 87 of which 38 sites are located within lacZα. Thus, the vector allows identification of 88 recombinant plasmids in E. coli by blue-white selection, which subsequently can be 89 selected for transformation of V. vulnificus. 90
The sequence of pVv3 has been submitted to EMBL (03-Jun-2013 V. vulnificus strains by multiplex PCR using three primer pairs (Table 1) 
V. vulnificus strain EDL174 hemolysin (15) (data not shown). It is conceivable that these 206
alterations account for the low hemolytic activity of strain VN-227. After introduction of 207 pVv3-vvh-l or pVv3-vvh-s into the cells transformants showed strong hemolytic activity 208 even after 24 h of incubation. By contrast the vector control exhibited no hemolysis 209 (Fig. 3) . Compared to V. vulnificus, E. coli transformants exhibited a weaker hemolysis 210 which nevertheless was also clearly visible after 24 h of incubation. Most notably, both 211 constructs conferred hemolytic activity even though some V. vulnificus strains harboring 212 the vvhBA operon including its regulatory sequences (pVv3-vvh-l) showed a slightly 213 stronger hemolysis than strains in which vvhBA was fused to lacZ (pVv3-vvh-s). We also 214 on November 12, 2017 by guest http://aem.asm.org/ Downloaded from introduced the constructs into a weakly hemolytic V. parahaemolyticus strain which 215 similarly became hemolytic upon transformation (data not shown). 216
In conclusion, this new transformation system allows rapid molecular cloning in Vibrio 217 and can be used for various applications, e.g. functional analyses of virulence genes or 218 the complementation of mutations. Thus, Vibrio transformation now shares some 219 benefits that hitherto were limited to other genera. 
